TM and Gigabit Ethernet, the subjects of intense speculation by industry observers and potential users of the technologies, appear as if they may be ready to begin competing for their place in the networking sun.
The demand for both technologies is being caused by the increasing adoption of Internet and intranet technology and the growing number of bandwidthhungry applications. These factors make it necessary to move an increasing amount of data at faster rates over networks. Enterprises are thus beginning to adopt ATM and Gigabit Ethernet.
In some cases, the two technologies are replacing FDDI backbones because they can be less expensive and provide higher speeds. In addition, ATM has quality-ofservice features, while Gigabit Ethernet can provide seamless connectivity throughout LANs that already use Ethernet technology.
Both technologies provide LAN services, such as scalable campus backbones, load sharing, and connections to WAN services. ATM has been available longer and is being deployed where highbandwidth performance is required.
Gigabit Ethernet is being adopted faster than ATM because about 80 percent of LANs already use Ethernet technology, and users want to stay with and build on their current technology. Users also deploy Gigabit Ethernet when they want simplicity and low cost or when they don't have the quality-of-service requirements that make it worthwhile to buy ATM technology, which is more expensive.
While some industry observers say ATM and Gigabit Ethernet may fight over market dominance, many analysts contend there's a place for both.
In the long run, it will not be a question of people using only ATM or only Gigabit Ethernet, said Tim Dunn, Intel's product line manager for network adapters. "It's more a question of where do they fit," he said. "For the LAN and desktop space, you'll see Ethernet-Fast and Gigabit-and in the WAN, you'll see ATM. At the edge, you'll see integration of the two."
TECHNOLOGICAL ISSUES
ATM and Gigabit Ethernet involve a variety of complex issues that will, in part, determine whether and how users adopt either or both technologies.
ATM
A group of telephone companies invented ATM, which they originally called Broadband ISDN, in 1986 to carry voice data. In 1991, computer and telecommunications companies formed the ATM Forum, which released the first ATM specification in 1992.
In 1996, the ATM Forum approved the Anchorage Accord, which led to the convergence and interoperability of about 60 ATM specifications. Most ATM specifications are now complete, said George Dobrowski, chair of the ATM Forum's worldwide technical committee.
Packet-switching technology. ATM is a packet-switching standard that uses 53-byte packets called cells. Each ATM cell consists of a 48-byte payload and a 5-byte header. ATM's features are implemented via three lower level layers, as shown in the figure on p. 12.
Because ATM uses fixed-length packets, relay switches can process cells in parallel to achieve high transmission speeds.
Because it is asynchronous, ATM can transfer cells as called for by an application, which can make data transfer more efficient, especially if the network is completely ATM. Frame-based networking technologies, on the other hand, transfer frames as called for by the transmission system. ATM speeds currently range from 1.5 to 45 Mbps on WANs and are expected to increase to 3.31 Gbps on network backbones next year.
Reliability and flexibility. Because ATM was originally designed to carry voice traffic, it was built with considerable redundancy and other features that make it reliable.
In addition, because it uses a connection-based model, ATM can reserve network resources to meet an application's quality-of-service needs.
ATM is also flexible, as it can efficiently handle data, voice, video, and other types of traffic. ATM multiplexes 
Gigabit Ethernet
A consortium that included DEC, Intel, and Xerox published the first formal 10-Mbps Ethernet specifications in 1980. In 1985, the IEEE published the 802.3 Ethernet standard. The IEEE introduced Fast Ethernet, operating at 100 Mbps, in 1995.
These two forms of Ethernet have largely replaced token ring on LANs because they are less expensive and easier to use. In fact, there are now 100 million installed Ethernet ports. Many organizations will thus choose Ethernetbased technology in the future.
The IEEE formed the Gigabit Ethernet Task Force in 1996. It is close to ratifying standards for Gigabit Ethernet over fiber and is also working on specifications for Gigabit Ethernet over standard LAN copper wiring, which would bring the technology closer to the desktop.
The IEEE's Gigabit Ethernet standards are supported by the two-year-old Gigabit Ethernet Alliance, which is composed of about 100 networking, semiconductor, and computer companies.
Frame-based technology. Like Ethernet and Fast Ethernet, Gigabit Ethernet is a data in different channels and, for example, can send voice data in a dedicated channel. The voice data would travel faster than standard data, and this would permit a higher quality of service for the voice traffic. Therefore, organizations might choose ATM if they do a lot of videoconferencing or if they use their networks for PBX services.
Ethernet, based on a connectionless model, can carry all types of data but generally transmits it at the same rate. However, researchers are developing some features that would let Gigabit Ethernet move specified data in a faster and more prioritized way.
Drawbacks. Because ATM is connection-oriented, it doesn't interoperate easily with the installed base of packetbased, traditional Ethernet LANs. The ATM Forum's LAN Emulation protocol lets an ATM network appear as a broadcast LAN to Ethernet devices and end stations, and thereby connect to Ethernet desktops.
With all of its capabilities, ATM is a more complex and expensive technology than Gigabit Ethernet and requires an experienced MIS department to maintain the network, said John Armstrong, an analyst for Dataquest, a market research firm.
ATM hasn't been more widely adopted, even though it has been available for a number of years, in part frame-based protocol. Initial Gigabit Ethernet products are being based on the Fibre Channel 1-Gbps data-transmission technology.
Gigabit Ethernet will offer a fullduplex, switched mode, and will use Ethernet's standard 64-byte minimum packet size.
The technology's half-duplex mode will offer a shared network that is compatible with the shared Ethernet and Fast Ethernet technologies used on many networks. Because the network is shared, the half-duplex mode will use Ethernet's carrier sense multiple access/collision detect (CSMA/CD) protocol to eliminate transmission problems caused by packet collisions.
Less expensive, easier to use. Gigabit Ethernet tends to be less expensive than ATM in part because of the volume of Ethernet-based products in the marketplace and because of the competition among the many Ethernet vendors.
In addition, many organizations find Gigabit Ethernet easier to work with because they already have people trained in using, managing, and maintaining Ethernet technology.
Drawbacks. Some industry observers consider Ethernet to be less scalable and reliable than ATM. However, others say the advent of switched Ethernet has made the technology as scalable and reliable as ATM, at least on the LAN.
Meanwhile, the IEEE and IETF have been working on specifications that would provide capabilities like those given by ATM's quality-of-service features.
For example, RSVP (resource reservation protocol) would let Ethernet LAN users reserve bandwidth in advance for a particular Internet transmission. They would then receive the transmission at a higher data rate and in a more dependable data flow than usual.
RSVP and other advanced bandwidthmanagement specifications don't offer explicit quality-of-service capabilities, like those found in ATM, but they are expected to work well for many applications.
CURRENT SITUATION
Organizations are using ATM in some LANs with high-bandwidth, mission- . critical needs. In addition, organizations typically use ATM on their WANs because the technology is so robust and has been used successfully on such networks for quite a few years. Because Gigabit Ethernet is fairly new, volume shipments of network gear isn't expected until later this year. However, existing Ethernet sites, particularly those for whom low cost and simplicity are primary concerns, are already beginning to adopt the technology.
The figure to the right shows the primary ways networking professionals who responded to a 1997 survey by 3Com said they plan to deploy Gigabit Ethernet.
All major networking companies, as well as a number of start-ups, are selling ATM and Gigabit Ethernet products, primarily hardware. According to IDC, worldwide sales of ATM products will grow from $78 million in 1994 to $1.8 billion in 1998. IDC projects that Gigabit Ethernet product sales will increase from $473 million in 1998 to $1.5 billion in 2000.
Gigabit Ethernet will be deployed faster in North America, where Ethernet is the dominant protocol. However, said David Benham, Cisco's ATM product manager, ATM will dominate in Europe and South Asia, where about 20 national carriers have already committed to the technology.
Paris is being wired for native ATM connections, primarily to provide interactive video services. The city of Dusseldorf, Germany, has installed an ATM backbone to connect local networks to municipal services. And Japan is installing a nationwide ATM network.
FUTURE
Many industry observers agree that ATM will thrive on the WAN and Gigabit Ethernet will dominate the LAN.
However, the two technologies will still compete directly in various areas.
ATM offers true quality-of-service features and has better management tools. So, said Rick Lougee, Bay Networks' product marketing manager, many organizations will want to implement ATM, especially for end-to-end bandwidth management, until Gigabit Ethernet technology gets more mature.
He said ATM will be more reliable and scalable for the foreseeable future, so very large enterprises will move to this technology.
However, Armstrong said, ATM will continue to be more expensive because installation, maintenance, and employee training is more complex.
Lower prices and the ability to leverage existing Ethernet technology and expertise will encourage many buyers to choose Gigabit Ethernet for their LANs, he explained.
In addition, said Bob Gohn, 3Com's Gigabit Ethernet product line director and program manager, many organizations will want to implement Gigabit Ethernet to maintain use of the Ethernet protocol throughout their networks.
Nonetheless, said Dataquest's Armstrong, "People who view Gigabit Ethernet as technology that's going to replace ATM are very mistaken."
He said Gigabit Ethernet will probably be most successful in strong Ethernet environments with growing bandwidth demands, such as those trying to aggregate 100-Mbps connections.
Gohn said ATM is more complex, but the difference is not that great if you compare ATM with a switched Gigabit Ethernet network.
On the other hand, said Menachem Abraham, president of Lucent Technologies' enterprise infrastructure products group, Gigabit Ethernet is now as functional as ATM in many ways.
He said switched Gigabit Ethernet permits, for example, multiple queues to handle traffic with different levels of priority, as well as flow control and routing that is handled at high speeds and low cost in switch hardware (see "HardwareBased Networking Widens the Pipes," p. 8.)
A TM and Gigabit Ethernet may each dominate certain markets, and they may compete in others. However, 3Com's Gohn sees a mixing of the two during the next 18 months, with networks using each technology in areas where its particular strength or compatibility with legacy equipment makes it the appropriate choice.
Researchers are already trying to incorporate the capabilities of each technology into the other. They have developed RSVP to give Ethernet networks capabilities along the lines of ATM's quality of service, as well as LAN emulation to let an ATM network connect to Ethernet desktops. In addition, vendors are working on bridges, routers, and switches that will connect the two technologies.
"Most ATM nets we've built-and we've built some big ones-have Ethernet all over the place," he said. And so, even as networks get faster, he concluded, the two technologies should continue to coexist. y David Clark is a freelance technology writer based in Torrance, California. Contact him at dwclark@earthlink.net.
Of the networking professionals who responded to a 1997 survey by 3Com, 79 percent said they would use Gigabit Ethernet to connect LAN backbones, and 70 percent said they would use it for switch-to-server connections.
